Background: Trauma patients are frequently evaluated by abdominal computed tomography. The prevalence of adrenal incidentalomas is 4% of the general population, increasing with age. The aim of this study was to examine the incidence and follow-up of adrenal lesions in an adult trauma centre. there were 45,576 patients admitted to the Alfred Hospital Trauma Unit, 142 (0.31%) patients had adrenal injuries and 26 (0.06%) patients had adrenal incidentalomas. Of the patients with adrenal injuries, the male-to-female ratio was 3:1. Blunt trauma was responsible in 99% of patients. Right-sided injuries were commoner (73%). Left-sided lesions were present in 19%, and bilateral injuries in 5% (P < 0.0001). Adrenal injury was identified as haemorrhage or haematoma in 95%. In the adrenal injury group, there was the 13% mortality. Follow-up imaging was not performed in 50% of patients; while another 30% only had imaging within 2 weeks, while still hospitalised. Of the 26 patients with incidentalomas, the male-to-female ratio was 1.6:1. All were blunt trauma patients, 69% of identified masses were left-sided lesions, 23% right-sided, and 7.7% were bilateral. Repeat imaging was obtained in 58% of patients, while the remainder was lost to follow-up. Biochemical investigations were performed in 54%. One patient had phaeochromocytoma, and 13 patients had benign incidentalomas. Three patients underwent adrenalectomy: one at the time of trauma laparotomy (benign cortical adenoma); one 5 months post-trauma (phaeochromocytoma); and the final patient 3 months post-trauma (benign vascular epithelial cyst).
Introduction
Computed tomography (CT) has become the primary diagnostic modality in the evaluation of moderate to severely injured trauma patients [1] . With the increased use of abdominal CT in the evaluation of trauma patients, incidental adrenal lesions are detected more frequently [1] [2] [3] [4] . It is estimated that traumatic adrenal injuries are present in 0.2-2% of all trauma admissions [5, 6] . Although rare, adrenal gland injury (AGI) can be potentially harmful if undetected [1] . Haemorrhage into pre-existing adrenal lesions has been reported [4, 7] . Adrenal gland injury is most often associated with multiple organ injuries, due to the significant amount of energy required to cause adrenal injury [2] [3] [4] 6] . Significant haemorrhage requiring transfusion, and adrenal insufficiency can occur with these injuries [2, 3, 6] .
CT signs of AGI include: gland enlargement, peri-adrenal fat stranding, a high attenuation mass within or obscuring the gland, retroperitoneal haematoma, or contrast extravasation in active adrenal haemorrhage [5] . Adrenal gland injury is a marker of overall injury severity, and is associated with higher mortality [3, 4] .
Adrenal incidentalomas, defined as clinically inapparent adrenal masses identified in the course of diagnosis or treatment for clinical conditions unrelated to the adrenal gland, are found in 4% of the general population, with the prevalence increasing with age [8] . These lesions were first described nearly 30 years ago, and understanding of their impact on public health has increased significantly since that time [9] [10] [11] [12] [13] . The majority of these lesions are benign, nonfunctioning adrenocortical adenomas [8, 11, 14] . The prevalence of adrenocortical carcinoma (ACC) in an incidentaloma is related to mass size. ACC represents 2% of lesions less than or equal to 4 cm in diameter; 6% of those ranging from 4.1 -6 cm; and 25% of those greater than 6 cm [8, 11, 14, 15] . The diagnosis of ACC portends poor clinical outcomes, with most studies reporting less than 50% 5-year overall survival [8] . Malignant transformation and the development of excessive hormone production in a benign nonfunctioning adenoma are extremely rare.
Although algorithms exist regarding evaluation and follow-up of adrenal incidentalomas, there are few studies reporting appropriate evaluation and follow-up of AGI and adrenal incidentalomas in the trauma population. Thus, the aim of this study was to evaluate the incidence and follow-up of both AGI and adrenal incidentalomas in an adult trauma population and to attempt to define recommendations for management of these lesions.
Materials and Methods
A retrospective review of prospectively collected data was performed of all trauma admissions to an urban trauma centre ( adenoma. These patients were extracted from health information management based on coding of diagnoses obtained from discharge summaries and the trauma database. Patients evaluated and discharged in the emergency department were not included. Data generated included demographic data, imaging characteristics, biochemical data, histology, and follow-up. Data were analyzed using chi-squared with significance set at P = 0.05.
As part of the workup of multiply injured trauma patients, CT scan evaluation of the chest, abdomen, pelvis, and thoracic and lumbar spine is undertaken. The indications for this are based on clinical findings and/or the mechanism of injury including pedestrian vs motorvehicles, motorbike accidents, motorists ejected from a vehicle, vehicle rollover and explosions.
The Alfred Hospital utilises a helical scanner with 0.4 sec rotation time, scanning from above the lung apices to below the symphysis pubis, with arterial phase from the top of the lung apices to the bottom of the lungs, and venous phase from the top of the diaphragm to the symphysis pubis. The patient is given 80 mL of UV370 contrast at 3mL/ sec. Soft tissue is scanned at 0.6 mm intervals, lung at 5 mm intervals, and bone at 0.4 mm intervals. Axial and coronal reformats for chest, abdomen, and pelvis are done at 7.5 mm 
Results
From August 2000 to October 2009, a total of 45,579 patients were admitted to the Alfred Hospital Trauma Unit. Of these patients, 6,320 (13.8%) underwent abdominal CT for evaluation of traumatic injury. These CT scans are reviewed each morning by Consultant General Surgeons and Radiologists at the Trauma Unit handover meeting. This group of 6,320 patients makes up the study population. AGI was found in 142 patients (2.2%), while adrenal masses were found in 26 (0.4%). The mean age was 41.4 years (range 15 -85years) in the injury group, and 57.2 years (range 18 -92 years) in the incidentaloma group. The maleto-female ratio was 3:1 in the injury group, and 1.6:1 in the incidentaloma group.
Demographic data for the adrenal injury group are presented in Table 1 . All but one patient suffered blunt trauma, with motor vehicle accidents, motorcycle accidents, and motor-pedestrian accidents most frequent. AGI was identified as haemorrhage or haematoma in 95%. Right-sided injuries were more common, present in 104 (73%) of the 142 patients (P < 0.001). The mean injury severity score (ISS) was 31 (range 1 -66). The mean hospital length of stay was 16.5 days (range 1 -132 days). The mean intensive care unit (ICU) length of stay was 11.2 days (range 0 -95 days), with mean ventilator time of 8.5 days (range 0 -95 days). The mortality in the AGI group was 13%, with the most common cause of death multiorgan failure ( Table 2) .
Half of the AGI patients (71) had no follow-up imaging. Of the remaining 71 patients who did have follow-up imaging, 43 patients (61%) had repeat imaging within 2 weeks, while still hospitalized. Of these, 67 patients had abdominal CT and 4 ultrasounds. The mean time for follow-up imaging was 1.2 weeks (range 0 -4 weeks). Thirty-five (49%) of these patients were shown to have resolving or resolved AGI, with the remainder showing a persistent adrenal gland abnormality. Four AGI patients underwent subsequent biochemical investigations with normal results.
Demographic data for the adrenal incidentaloma group are presented in Table 3 . All patients suffered blunt trauma. Mean ISS was 15 (range 1 -45). The mean hospital length of stay was 16 days (range 1 -128 days). The mean intensive care unit (ICU) length of stay was 11.5 days (range 1 -31 days), with mean ventilator time of 8.5 days (range 1 -31 days).
Left sided lesions (69%) were commoner than right sided lesions (23%). The mean size was 2.38 cm (range 1.2 -4.3 cm). Of the 26 patients, 15 patients (58%) had repeat imaging studies, 14 (54%) had biochemical investigations, 11 (42%) patients had both repeat imaging and biochemical investigations. Of the 26 adrenal incidentalomas, 14 (54%) were followed up but 11 patients (42%) were lost to followup.
Three patients (12%) underwent adrenalectomy Table  4 . The first patient underwent adrenalectomy at the time of trauma laparotomy and was subsequently found to have a benign 2.5 cm cortical adenoma. The second patient was a 60 year old male who fell from a low height, and was noted to be severely hypertensive in the emergency department, with a 4 cm left adrenal mass on CT. Appropriate diagnostic tests were performed based on the clinical suspicion of phaeochromocytoma. After adequate preoperative alpha blockade and blood pressure control, he underwent adrenalectomy 5 months post-trauma. The third patient underwent laparoscopic left adrenalectomy 3 months post-trauma due to a lesion size of 4.2 cm, and was found to have a benign vascular endothelial cyst.
Discussion
Evaluation of trauma patients with abdominal CT has led to increased detection of AGI as well as adrenal incidentalomas. There are significant clinical implications associated with these lesions. Firstly, AGI must be distinguished from adrenal incidentalomas. Secondly, adrenal incidentalomas must then be evaluated for hormone overproduction and malignant potential. Thirdly, there are few studies reporting follow-up guidelines of these lesions in the adult trauma population. Our data show rates of AGI and adrenal incidentaloma consistent with those rates published in the literature [2, 4, 5, 8, 11, 15, 16] . The higher male-to-female ratio in the AGI group most likely reflects the overall male predominance in the trauma population, and is similar to published reports [2] [3] [4] . The mean ISS of 31 reflects that AGI is a marker of more severe trauma, as an ISS greater than 15 indicates severe trauma. This also explains the relatively high mortality of 13% in this group.
There were significantly more right-sided injuries than left. One possible explanation for this is that motor vehicles in Australia are right-hand drive. However, the rate is similar in countries with both left and right hand drive vehicles [2] [3] [4] . Theories for the preponderance of right-sided injuries are that the right adrenal gland is more easily compressed against the spine by the force of the trauma or the surrounding organs; or compression of the inferior vena cava (IVC) causes higher medullary sinusoidal pressure on the right due to the short adrenal vein that communicates directly with the IVC, thereby leading to venous congestion and tissue necrosis [2, 4, 5, 16] .
Follow-up for AGI was variable in our study population, with only 71 patients (50%) having repeat imaging at any stage post-trauma, 43 patients (61%) underwent imaging within the first 2 weeks. Of the 36 patients who underwent repeat imaging, a persistent abnormality of the affected adrenal gland was demonstrated. Within several weeks, most AGI show radiologic evidence of healing [5, 16, 17] . Rana et al found that 83% of adrenal hematomas showed decreased size and attenuation when reimaged at a range of 2.5 -10 weeks [16] . If an imaging abnormality persists, one should suspect underlying pathology. Thus the remaining 36 patients having repeat imaging should have had further evaluation for adrenal incidentalomas.
Within the incidentaloma group, 42% of patients underwent both biochemical investigations and repeat imaging, most frequently CT. However, 42% of patients were lost to follow-up. Three patients underwent adrenalectomy. The first was performed at the time of trauma laparotomy. On review of the operation report, the indication for adrenalectomy was unclear, as the lesion measured 2.5 cm in size, and was shown to be a benign adenoma on final histopathology. This scenario is not standard practice at our institution. The second patient was found to have a phaeochromocytoma. It should be recognised that catecholamines can be elevated in the setting of trauma, and it is imperative to repeat these investigations after recovery from the traumatic injury in order to confirm the diagnosis of phaeochromocytoma.
Although a number of algorithms currently exist to aid in the management of the incidentally detected adrenal lesion [14, 18, 19] these are not specific to the trauma population. The authors would like to propose a novel algorithm ( Fig. 1) for the evaluation of adrenal lesions found on CT in the adult trauma population based on the findings of this study. An injury should have repeat imaging in 6 -12 weeks. If the injury has resolved (negative result), then no further investigations need be performed. If there is a persistent abnormality (positive result), underlying pathology should be suspected, and the lesion should be treated as an incidentaloma. Adrenal incidentalomas should have repeat imaging studies and biochemical studies (24-hour urinary catecholamines and urinary free cortisol, serum cortisol, plasma free metanephrines, aldosterone, renin, oestrogen, testosterone, dehydroepiandrosterone sulfate (DHEA-S), and potassium) in 6 -12 weeks. If the biochemical studies are positive, meaning the lesion is hormonally active, or if the lesion is greater than 4 cm in size, then the patient should be considered for adrenalectomy. If the biochemical studies are negative, and the lesion is less than 4 cm and unchanged in size, repeat studies should be performed at 12 months, and then again at 24 months from original diagnosis if no change has occurred. If the lesion is stable at that point, no further investigations need be performed unless symptoms develop. During the follow-up period, should the lesion increase in size or become hormonally active, the patient should be considered for adrenalectomy.
Absolute indications for surgical intervention are symptomatic, hormonally active lesions, phaeochromocytomas, malignant tumors, or lesions greater than 6 cm in size [8, 11] . Smaller lesions with suspicious imaging characteristics, such as calcifications, heterogeneity, high attenuation or delayed washout on contrast CT, also warrant adrenalectomy. When indicated, the surgical approach can be either laparoscopic or open, depending on surgeon experience and patient preference. There are no prospective, randomised studies comparing the two approaches. Relative contraindications for the laparoscopic approach are ACC and large tumors with evidence of invasion which may result in a lengthy laparoscopic procedure [8, 11] .
This study is limited by the small number of identified adrenal incidentalomas. There are several reasons for this. Firstly, the trauma population tends to be younger, and therefore the overall prevalence of adrenal incidentalomas in this group is lower 14. Second, several patients in the AGI group should have been further investigated for incidentalomas based on persistent abnormalities found on repeat imaging studies. This study is also dependent on adequate documentation of incidental findings in order to capture patients using discharge diagnosis codes. This study also excluded patients not admitted to hospital. Although this is a retrospective study, the data are prospectively collected, and all admitted patients were available for inclusion in the study.
Conclusion
With the increased use of abdominal CT in the evaluation of trauma patients, adrenal lesions are increasingly likely to be found. Follow-up of these lesions is inconsistent in the trauma population. The development and implementation of a protocol, with the involvement of the appropriate Endocrine or Endocrine Surgical units, may improve follow-up care. This will need to be substantiated in the future with data collection following implementation of this protocol.
